Abstract The authors of this study examined the effects of muscle fatigue on balance indices and recovery time in recreationally trained individuals after incremental tests on a treadmill and a cycle ergometer. Sixteen participants (male N = 11, female N = 5) (mean age = 21.2 ± 2 years) completed this study. Balance measures were performed on a Biodex Balance System via the Dynamic Balance Test. Balance was measured pre-exercise, immediately post-exercise, and at 3-, 6-, 9-, 12-, 15-, 18-, and 21-min post-exercise. Immediately following the fatiguing treadmill test, balance increased significantly in the overall stability index (SI) (from 4.38 ± 2.48 to 6.09 ± 1.80) and the anterior/posterior index (API) (from 3.49 ± 2.18 to 5.28 ± 1.81) (p \ 0.01). Immediately following the fatiguing cycle test, balance was not altered significantly in SI or API. Balance was not altered significantly for the medial/lateral index for either exercise test at any time point. Additionally, there were no significant differences in time to recovery. At 12-min post-exercise, all indices were below pre-exercise values, indicating that fatiguing exercise has a positive effect on balance over time. These results are consistent with previous research, suggesting that any effects of fatigue on balance are seen immediately and are diminished as time after exercise increases.
Introduction
Previous research has identified that the maintenance of balance in sport is important in the prevention of injuries (Hrysomallis 2007; Salavati et al. 2007) . Balance is controlled by the central nervous system (CNS) and is achieved by integrating sensory information from the vestibular, somatosensory, and visual systems. When the muscles that control balance are fatigued, these systems could be affected, thus inhibiting proper balance control.
Fatigue can be defined as the inability to maintain a particular force or power output during or following a repeated muscular contraction (Rozzi et al. 2000) . Fatigue following various types of exercises has been found to alter balance and postural stability (Johnston et al. 1998; Wilkins et al. 2004; Surenkok et al. 2006) . A number of researchers have examined the effects of fatigue on both static and dynamic balance, and have explained that fatigue to the stabilizing muscles may also be the cause of balance problems (Yaggie and Armstrong 2004; Riemann and Guskiewicz 2000) . Thus, active individuals may be susceptible to injuries during activity due to fatigue from sensory integration or motor coordination.
There have been numerous methods used to induce muscular fatigue and investigate associated balance Communicated by Fausto Baldissera. problems. Some of these methods have included isokinetic dynamometers (Surenkok et al. 2006; Johnston et al. 1998; Yaggie and McGregor 2002; Gribble et al. 2004 ); exercisespecific fatiguing protocols utilize either a circuit type design to induce whole-body fatigue or a localized muscle design (Wilson et al. 2006; Vuillerme et al. 2006; Pline et al. 2006; Wilkins et al. 2004; Letafatkar et al. 2009; McGregor et al. 2011; Zech et al. 2012) , or through the comparison of cycle and treadmill ergometers, which may be more applicable to exercise prescription. Only two studies have included both a cycle ergometer and a treadmill as modes for inducing fatigue, and only one has compared the results from the same subject between the two different exercises (Lepers et al. 1997; Nardone et al. 1997) . However, both of these studies included trained individuals who had experience running and/or cycling. Lepers et al. (1997) found that muscular fatigue affected balance greater following the treadmill exercise when compared with the cycle test. However, the researchers did not assess recovery time or any differences observed between the two different fatiguing protocols. Nardone et al. (1997) found that, for both fatiguing treadmill and fatiguing cycling protocols, all effects were diminished and pre-fatigue levels were restored within 15 min. The researchers failed to evaluate whether differences existed in time to recovery between the two fatiguing modalities.
Most of the previous literature has used trained individuals who were experienced with running or cycling (Lepers et al. 1997; Nardone et al. 1997) . While these researchers found that any effects of fatigue on postural balance were generally restored within 15-20 min, they failed to compare differences in postural balance or recovery time following cycle or treadmill exercise in recreationally trained individuals. Therefore, the purpose of this study was to examine the effects of muscular fatigue on postural balance and how quickly balance is restored to pre-fatigue levels in recreationally trained individuals. Our hypotheses were that postural balance indices would be increased following incremental fatiguing exercise, with a higher detrimental effect following the treadmill protocol, and that there would be a greater recovery time observed following treadmill exercise compared to cycling exercise.
Methods

Subjects
Sixteen recreationally active volunteers (male N = 11, female N = 5) between the ages of 19 and 24 years (mean age = 21.2 ± 2 years), and who had no history of balance problems, were chosen to participate in this study. The subjects' mean weight was 77.8 ± 14.4 kg; mean height was 172.6 ± 10.1 cm; and mean percent of body fat was 16.6 ± 8 %. To determine exclusionary conditions, all subjects completed the Modified AHA/ACSM Health/Fitness Facility Pre-participation Screening Questionnaire. Subjects that stated they participated in physical activity at least 3-4 days a week for 1-2 h per session were included in this investigation. Subjects were chosen from Physical Education classes at Western Kentucky University. All subjects provided informed consent. The Western Kentucky University Human Subjects Review Board (HS08-122) approved this investigation.
Balance assessment A Biodex Balance System (#945-300, Biodex Medical Systems, Shirley, New York, USA) was used to measure balance via the Dynamic Balance Test. The Biodex Balance System is a multi-axial device that allows the subject to move in the anterior-posterior and medial-lateral axes simultaneously. This is in contrast to force platforms and dynamometric platforms that are generally used to measure balance via center of pressure (COP) or body sway, respectively. Cachupe et al. (2001) established that the Biodex Balance System is a reliable instrument for assessing balance indices. The Dynamic Balance Test allows the researcher to assess the subject's neuromuscular control in a closed-chain multiplane test. The ability of the subject to maintain dynamic bilateral postural stability on an unstable surface is quantified using this test. The degree of surface instability was controlled and set at level 5 (8 being the most stable surface and 1 being the least stable surface). Additionally, the screen was turned around to prevent visual feedback, but subjects were allowed to keep eyes open during testing.
At the beginning of each session, subjects were given an acclimation trial to determine foot stance and to become acquainted with the platform. The platform was then locked and foot stance was recorded and outlined with chalk for reference. The subject used this same foot stance for all balance testing during that session. Testing began after recording of foot stance as previously described, and the platform was released for a 20-s test. The subjects were instructed not to touch the side-rails unless absolutely necessary and to keep arms at side unless needed to help maintain balance. Subjects could look at the wall or platform during the course of testing. Subjects were instructed to keep the moving platform at the same level as much as possible.
Overall stability index (SI), anterior/posterior index (API), and medial/lateral index (MLI) were recorded. SI is the variance of foot platform displacement in degrees in all motions during the test. API is the variance of foot platform displacement in degrees for motion in the sagittal plane. MLI is the variance of foot platform displacement in degrees for motion in the frontal plane.
Assessment of fatigue ACSM guidelines were used to determine fatigue and thereby justify terminating exercise prior to completion of the protocol (ACSM 2006) . Subjects wore a heart-rate monitor during the entire duration of exercise. If heart rate exceeded 85 % of age-predicted HR max , the test could be terminated. Oxygen consumption (VO 2 ) was also taken to aid in determining if exercise could be terminated. If VO 2 reached a plateau (\0.05 L min -1 during the last 30 s of an exercise stage), the researchers could terminate exercise. Additionally, if the subject expressed fatigue and was unable to continue the protocol, exercise was terminated. Rating of perceived exertion (RPE) was also taken every other minute during exercise on a scale of 6-20 (Borg 1970) .
Protocol
Subjects visited the laboratory three times. During the first session, subjects reviewed and signed informed consent and medical screening documents. They were also familiarized with the protocols. Each of the final two laboratory sessions consisted of a balance measure before exercise, an incremental fatiguing exercise, and balance measures after exercise for up to 21 min (Table 1) . Subjects were instructed to arrive at the laboratory for the final two sessions adequately hydrated and at least 4 h postprandial. Temperature of the lab for all experimental trials was maintained at approximately 24°C. There was no control session included in this study, which could be considered a limitation. Balance was measured for a total of 9 times: pre-exercise (PRE), immediately after exercise (IMMED-POST), and then at three (3-POST), six (6-POST), nine (9-POST), twelve (12-POST), fifteen (15-POST), eighteen (18-POST), and 21 min after exercise (21-POST). Subjects were allowed to rest between post-exercise balance measures, either seated or standing depending on personal preference. The fatiguing exercise trials consisted of either an incremental cycle ergometer test using the ACSM cycle protocol or an incremental treadmill test using the Bruce protocol (ACSM 2006) . Subjects completed the two trials in randomized order. All subjects waited a minimum of 4 days before returning for their second trial, but all returned within 14 days.
Statistical analysis
All analyses were performed using the Statistical Package for the Social Sciences software (SPSS Version 19.0). The Shapiro-Wilk test indicated that data were presented normally. G* Power software (Version 3.1.3) revealed statistical power of 0.8 with an effect size of 0.4. Stability reliability was calculated on pre-trial indices prior to each exercise bout to insure pre-exercise balance values were similar between the bouts. Significance was accepted at p \ 0.01 (2-tailed). T tests were calculated to determine differences in PRE-and IMMED-POST exercise values. Significance was accepted at p \ 0.01 (2-tailed). A pairedsamples t test was calculated to determine differences between recovery times for the two modes. Significance was accepted at p \ 0.05. Recovery time was defined as when two consecutive SI scores, measured every 3 min, were at or below pre-exercise levels.
To determine differences between cycling and treadmill protocols, SI, MLI and API was assessed using three 2 9 6 ANOVA with repeated measures on both time and mode of exercise. The first two factors of the ANOVA were mode of exercise (cycle vs. treadmill) and the second six factors were the times at which balance was measured. Please note that only the first six time points (PRE, IMMED, 3-, 6-, 9-, and 12-POST) were analyzed after recovery time analysis indicated that all effects were diminished and restored after 12 min of rest for both protocols. Linear trends were assessed for within-subjects contrasts. Significance was accepted at p \ 0.05.
If ANOVA identified a significant mode 9 time interaction, further analysis was completed using the Tukey post hoc test. This test was used to identify the time points at which stability indices were significantly (p \ 0.05) different between modes of exercise. Time points included all six factors at which balance was measured and analyzed (PRE, IMMED, 3-, 6-, 9-, and 12-POST) between the two modes (cycle vs. treadmill).
Results
Recovery time
Although subjects tended to exercise longer during the cycle exercise (14.94 ± 3.30 min), there was no significant difference compared to the length of exercise to fatigue during the Bruce treadmill protocol (12.20 ± 1.64 min, p = 0.06). While recovery time tended to be longer following the fatiguing cycle protocol (12 ± 6 min), there was no significant difference compared to the fatiguing treadmill protocol (9 ± 6 min, p = 0.86).
Stability index
The data for all SI are presented in Fig. 1 . Stability index scores were similar before exercise in both modes (r = 0.79; cycle = 4.42 ± 3.01; treadmill = 4.38 ± 2.48; p [ 0.01). For the cycling exercise, SI scores increased by 0.11 (from 4.42 ± 3.01 to 4.53 ± 2.37). This was an average increase of 2.4 %, which was not significant (p [ 0.01). However, for the treadmill exercise, SI scores increased by 1.71 (from 4.38 ± 2.48 to 6.09 ± 1.80). This was an average increase of 39 %, which was significant (p \ 0.01). There was a significant mode 9 time interaction (p = 0.02). There was also a significant finding for time (p \ 0.01), but not for mode (p = 0.55). SI was significantly affected negatively immediately post-exercise following the treadmill bout. Post hoc analysis found that there was a significant difference (p \ 0.05) in stability indices immediately following exercise (IMMED) between the two modes, but no other significant difference was found at any other time point.
Anterior/posterior index
The data for all API are presented in Fig. 2 . API scores were similar before exercise in both modes (r = 0.76; cycle = 3.54 ± 2.71; treadmill = 3.49 ± 2.18; p [ 0.01).
For the cycling exercise, API scores increased by 0.31 (from 3.54 ± 2.71 to 3.85 ± 2.22). This was an average increase of 8.8 %, which was not significant (p [ 0.01). However, for the treadmill exercise, API scores increased by 1.79 (from 3.49 ± 2.18 to 5.28 ± 1.81). This was an average increase of 51.3 %, which was significant (p \ 0.01). There was a significant mode 9 time interaction (p = 0.04). There was a significant finding for time as well (p \ 0.01), but not for mode (p = 0.55). API was significantly affected negatively immediately post-exercise following the treadmill bout. Post hoc analysis found that there was a significant difference (p \ 0.05) in API stability indices immediately following exercise (IMMED) between the two modes, but no other significant difference was found at any other time point.
Medial/lateral index MLI scores were similar before exercise in both modes (r = 0.78; cycle = 2.74 ± 1.58; treadmill = 2.76 ± 1.50; p [ 0.01). For the cycling exercise, MLI scores decreased by 0.31 (from 2.74 ± 1.58 to 2.43 ± 1.22). This was an average decrease of 13 %. For the treadmill exercise, stability index scores increased by 0.42 (from 2.76 ± 1.50 to 3.18 ± 1.11). This was an average increase of 15.4 % in scores. Neither of these changes in MLI was significant (p [ 0.01). There was a significant mode 9 time interaction (p \ 0.05). There was also a significant finding for time (p \ 0.05), but not for mode (p = 0.68). Post hoc analysis found that there was no significant difference 
Discussion
The purpose of this investigation was to determine the effects of two different muscular fatiguing protocols on indices of postural balance in recreationally active individuals. In this study, no significant differences were found in recovery time from exhaustive exercise performed on a treadmill or a cycle ergometer. Subjects' SI scores were generally restored within 12 min for the cycle exercise and within 9 min for the treadmill exercise. This finding is consistent with the previous research done by Nardone et al. (1997) who found that all effects following fatiguing treadmill and cycle protocols were diminished within 15 min. All stability indices were below PRE values by the 21-POST measurement, indicating an improvement in postural stability following fatiguing exercise. The authors found that the fatiguing treadmill exercise was the only protocol to demonstrate significant increases in stability indices immediately after exercise in comparison to the fatiguing cycle protocol in recreationally trained individuals. The cycle protocol indicated no significant increases or decreases in stability indices immediately following a fatiguing bout. In addition, comparison between the exercise modes demonstrated that the only significant differences were found immediately following an exercise bout. After the treadmill bout, SI and API were significantly increased in comparison to the cycling bout. This indicates that the treadmill exercise had a more detrimental effect on performance in comparison to the cycling exercise. This could be due to the type of fatigue that was induced, since a fatiguing treadmill protocol is likely to induce whole-body fatigue, as it is a weightbearing exercise, while the fatiguing cycle ergometer protocol is more likely to induce primarily lower-body fatigue, as it is a weight-supported, lower-body exercise.
The lack of significant changes in balance following the cycle ergometer protocol is inconsistent with Nardone et al. (1997) . Nardone et al. (1997) found that, following a fatiguing cycle ergometer protocol, significant effects were observed in trained individuals when subjects kept their eyes open to perform balance measures. Conversely, the present study revealed that there were no significant effects and, therefore, does not support the previous finding. However, this could be explained due to the different study designs, including the type of cycling exercise, use of trained rather than recreationally active subjects, and type of balance measure.
Recently, some researchers have identified the importance of maintaining balance in relation to the prevention of injuries (Hyrosomallis Hrysomallis 2007; Salavati et al. 2007) . It is thought that when balance is altered due to fatigue, the sensory systems may be affected, thus decreasing ability to alter perturbations and prevent injury. For the treadmill protocol, at 9-POST, SI values were 3.19, which was lower than the cycle protocol 9-POST SI value of 3.82. Although this was found not to be statistically significant, this difference could be important in the prevention of injuries. Further research is warranted to identify the relationship between the causes of altered postural stability and the incidence and nature of injuries. The improvement observed in stability indices by the 21-POST measurement suggests the possibility of a learning effect. Wilkins et al. (2004) explained that the improvement in amount of errors on the Balance Error Scoring System (BESS) was due to a learning effect. However, the present study attempted to control for learning effects by removing the visual feedback screen and maintaining the same foot stance for each trial. Testretest correlations demonstrated that there was minimal, if any, learning effect as the pre-exercise stability index correlations for each mode were all C0.76. The results of this study indicate that fatigue induced by the Bruce treadmill protocol significantly reduces postural stability performance for SI and API indices in recreational athletes IMMED-POST when resistance is set at level 5 using a Biodex Balance System. These findings are consistent with the previous research utilizing trained individuals, which has found a detrimental effect following treadmill exercise (Nardone et al. 1997; Lepers et al. 1997) . However, the improvement in all stability indices, compared to PRE values, by the 21-POST measurement must be noted. This indicates that while stability may be compromised for up to 15-min post-exercise, thus possibly also increasing the risk of injury during this period, fatiguing exercise may actually improve stability over the course of time beyond the initial recovery period.
The results of the MLI analysis revealed that there were no significant differences between the two protocols, indicating that MLI was not significantly affected in either mode of fatiguing exercise. This could be due to the fact that both the cycle and treadmill protocols were completed in the sagittal plane and little movement during exercise is completed in the frontal plane if no deformity is present. However, research has shown that MLI accounts for a very small portion of the SI variance (Arnold and Schmitz 1998) . This suggests that MLI scores may still be considered when assessing balance, though API is more closely related to SI. This warrants further research to examine why MLI accounts for such a small portion of SI variance.
Conclusions
In conclusion, the results of this study demonstrated that when recreationally active subjects completed fatiguing protocols on both treadmill and cycle ergometers, the fatiguing treadmill exercise elicited significant increases in stability indices immediately after exercise, while the fatiguing cycle exercise revealed no significant increases or decreases in stability indices. The only significant differences in balance between cycle and treadmill protocols were observed immediately post-exercise. The results of this study indicated further that fatigue induced by the treadmill protocol does have a higher detrimental effect on postural balance when compared to the cycle protocol, thus supporting the primary hypothesis. All detrimental effects were seen immediately after exercise and were diminished as time after exercise increased.
The secondary hypothesis was unfounded, in that no differences were observed between the protocols regarding recovery time. Balance indices for the treadmill and cycle protocols were returned at or below baseline values at 9-and 12-min post, respectively. This study confirms previous research that suggests any effects on postural balance are diminished shortly after fatiguing exercise (Nardone et al. 1997; Yaggie and Armstrong 2004) . These data suggest that individuals should be cautious after becoming fatigued, but may continue with activity after a short rest.
